SUMMARY Gastric emptying was measured using a gamma camera in 22 patients with anorexia nervosa, in 10 patients of normal or high weight with bulimia nervosa and in 10 controls. Patients with anorexia nervosa were tested (1) while underweight and selecting their own diet (10 patients); (2) underweight, but receiving an adequate diet on an inpatient unit (refeeding diet) (12 patients); and (3) under refeeding diet conditions after weight gain (eight patients). Three meals, each labelled with technetium 99m-sulphur colloid, 3.7 MBq were used: (1) a mixed solid meal containing labelled poached egg; (2) 200 ml d-glucose solution, 0.5 kcal/ml, and (3) 200 ml physiological saline. Only gastric emptying rates of the solid meal and glucose solution were significantly delayed. Gastric emptying of saline was normal. The gastric disturbance was confined to patients with anorexia nervosa selecting their own diet. Patients receiving adequate nutrition on the ward had normal gastric emptying and weight gain in this group had no significant effect on emptying. Slow emptying was observed in patients who maintained a low weight solely by food restriction as well as in patients whose anorexia nervosa was complicated by episodes of bulimia. Thus, slow gastric emptying occurred when the quantity of food reaching the duodenum was sufficiently reduced to result in severe weight loss. Moreover, abnormal gastric emptying was seen only after the two meals that contained calories and were hypertonic to plasma, either of which properties could mediate the disturbance. Gastric emptying in bulimia nervosa was normal. Slow gastric emptying could exacerbate undereating in starving patients with anorexia nervosa by enhancing satiety.
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Gastric distension is a potent inhibitor of feeding, and the demonstration of delayed gastric emptying in patients with anorexia nervosa`15 suggests that gastric retention might contribute to the maintenance of undereating in this condition. The mechanisms underlying delayed emptying, and whether it is a primary disorder or secondary to other disturbances are, however, unknown and we have investigated gastric emptying of various meals in anorexic patients at different stages of nutritional treatment in an attempt to identify the determinants of delayed gastric emptying in anorexia nervosa. In the closely related condition, bulimia nervosa,6 patients succumb to episodes of massive overeating, suggesting a failure of satiety. Because Means with different superscripts are significantly different (p<O.OS) in an ANOVA including: controls, bulimia nervosa, anorexia nervosa (refeeding diet, low weight), and anorexia nervosa
cuboidal particles of average volume 0O366 ml. This was served hot with 150 ml fresh orange juice and one slice of medium cut white bread and 2-5 g butter. The total caloric value of the meal, determined from tables, was 155 Kcal, its volume, after liquidising in a domestic blender, was 235 ml and the mean caloric concentration was therefore 1-52 Kcal/ml. An aliquot of the liquidised solid meal was centrifuged twice at 5000 rpm for five minutes and the supernatant analysed using the ion selective electrode technique for electrolytes, depression of freezing point for osmolality, and glucose oxidase. This revealed the following constituents: sodium 68 mmol/l, potassium 42 mmol/l, glucose 97 mmol/l, and osmotic pressure 569 mosmol/l (about 2xplasma tonicity). After in vitro incubation for two hours in 0.1 N hydrochloric acid a sample of labelled egg retained 90-74% of the original radioactivity, allowing for decay, showing that the label would remain bound to the food particles in the acid environment of the stomach. The meal was served to the subject and the time taken to complete it noted. Imaging began as soon as the meal ended. A 60 second static anterior scan followed immediately by a 60 second posterior scan were recorded every few minutes in the erect posture until two hours after the beginning of the meal. The two views were taken to compensate for anteroposterior movement of the meal within the stomach. 14 Each image was displayed on the computer screen and a region of interest drawn electronically around the gastric outline. The geometric means of anterior and posterior gastric counts were corrected for decay and a time activity curve generated.
LIQUID MEALS
Two liquid meals were used in each study -200 ml dglucose, 0.5 Kcal/ml (125 g/l), and 200 ml of physiological saline, 9 g/l, both at room temperature and both labelled with Tc99m-sulphur colloid, 3.7 MBq. After ingestion of the meal imaging was carried out using continuous, dynamic, anterior acquisition for 60 minutes with the subject lying on a couch, propped up at 60°to the horizontal. Images were acquired at 15 second intervals and counts within the gastric region of interest for the 240 images were corrected for decay and plotted against time.
STATISTICAL ANALYSIS
The four groups of subjects (anorexia nervosa at low weight (self-selection diet), anorexia nervosa at low weight (refeeding diet), bulimia nervosa, and controls) were compared with each other using one way analysis of variance. No subject appeared more than once in these analyses. Four patients were tested under inpatient refeeding and self-selection diet conditions. Their results were included only in the latter group. For each analysis, the overall F-test result is given and if appropriate, post-hoc analysis was carried out using Duncan's test. The influence of differences between subjects -for example, the presence of bulimia, self-induced vomiting or laxative abuse, was determined using multivariate analysis of variance. The effect of weight gain was studied using paired t-tests. In all comparisons differences were taken as significant if p= or <0-05. One anorexic patient on the refeeding diet had the solid meal but refused to take the liquid meals.
Results SUBJECT CHARACTERISTICS (Table 1) One way analysis of variance revealed no significant GASTRIC EMPTYING (Table 2) The emptying of all three meals was preceded by a lag phase during which no gastric emptying was seen. The length of this phase was determined by noting the first scan on which activity was observed in the duodenum.
In several of the studies, there was some overlap between jejunal and gastric counts which introduced a degree of error into the analyses. To allow for this, we checked our results by using only frames within a study which did not show overlap and ascertaining that results from those frames were consistent with those from the whole study.
The shape of gastric emptying curves of the three meals varied considerably between subjects. Gastric emptying curves have been described as following various shapes of curve including, commonly, linear and exponential functions,'25 and our data were analysed to establish which of these two functions best described each curve. Linear regression was undertaken using untransformed and log transformed gastric counts. The end of the lag period was used in the regression as the beginning of the curve. Each curve was assigned to either a linear or an exponential function depending on which regression line yielded the best fit (lowest mean squared residuals). For the solid meal, 35-3% emptied linearly and 64-7% according to an exponential function. For the glucose meal, 52-9% emptied linearly, and 47-1% exponentially and for the saline meal, 52-6% emptied linearly, and 47-4% exponentially. This distribution did not vary significantly between groups of subjects. In view of the variation in the shapes of emptying curves, half time calculated from an exponential function or emptying rate in amount emptied per unit time from the slope of a linear function could not be applied consistently, although, theoretically, an exponential function can describe a very flat curve which approximates to a straight line. Gastric emptying was therefore calculated in several ways. Emptying of the solid meal was expressed as the percentage that remained 100 minutes after the beginning of the meal, and glucose and saline emptying were expressed as the percentage remaining at 30 minutes. The percentages remaining were calculated from the best fit curves by interpolation and by using the decay corrected counts actually obtained at 30 and 100 minutes. Conclusions were identical using either method and the figures given are those obtained using the latter procedure. In addition, half emptying time was calculated from the curve relating log corrected counts to time, and the results obtained using this procedure were the same.
SOLID MEAL
During the initial lag phase (mean 22.95 minutes in controls) the solid portion of the meal was distributed from the fundus to occupy the whole stomach. In one control subject, a double isotope scan was performed using Indium 111-DTPA, 3.7 MBq, to label the liquid phase (orange juice) and Tc99m sulphur colloid, 3.7 MBq to label the egg, as in the other studies. This confirmed that the liquid phase occupied the whole of the gastric area immediately after consumption while the egg was initially concentrated in the fundus and was gradually 'fed' towards the antrum. There was no significant difference between groups in the length of the lag phase.
The percentage of the solid meal remaining at 100 minutes was significantly greater in patients with anorexia nervosa who were selecting their own diet compared with low weight patients on the refeeding diet, patients with bulimia nervosa and controls (F(3,41)=4.52, p<0-01). Gastric emptying of the solid meal in patients with anorexia nervosa who were receiving the refeeding diet and normal or overweight patients with bulimia nervosa did not differ significantly from controls.
Weight gain among refed anorexic patients had no demonstrable effect on gastric emptying of the solid meal (paired t-test). In no control subject was gastric retention at 100 minutes greater than 50%. If delayed gastric emptying is defined as greater than 50% retention at 100 minutes, it was found in one patient but showed no effect of bulimia, vomiting or laxative abuse (p>0.4). The proportion of the variance in solid emptying accounted for by diagnostic group in this analysis was 23-85%, while the combined contribution of the other three variables was 2.2%. In four patients, gastric emptying of the solid meal was determined under refeeding diet and self-selection conditions. In the analyses, they are included only in the 'self-selection' group. In two of these, delayed gastric emptying, as defined above, was found, with 51.9 and 69-9% remaining at 100 minutes. After approximately two weeks of inpatient refeeding, the gastric abnormality reversed ( (Table 3) . After two to three weeks of refeeding, three had improved to under 86% 30 minute retention and one had even slower glucose emptying.
SALINE EMPTYING
Lag phase and emptying rate showed no significant variation among groups (p>0.5) and were not influenced by the presence of bulimic symptoms. The lag phase for saline was significantly shorter than the solid lag phase (repeated measures analysis of variance, within subject differences in lag phase, Pillais' test, p<0.001) but not significantly different from the lag phase for glucose.
Discussion
The present results confirm that delayed gastric emptying is a feature of anorexia nervosa. This study was designed to identify the determinants of delayed gastric emptying in anorexia nervosa: weight loss, acute starvation, and bulimic symptoms were all considered as possible factors contributing to its pathogenesis. It Table 3 ) from severe, intractable episodes of bulimia. The degree to which undereating is dependent on enhanced satiety as a result of gastric stasis might be assessed by reversing the abnormality, perhaps pharmacologically, and observing the resulting eating patterns. Although our results suggest that gastric stasis is secondary to undereating, it remains possible that some individuals may develop delayed emptying more readily than others after the onset of dieting, and this sensitivity (perhaps genetically determined) could act as a predisposing factor, allowing common dieting to develop into anorexia nervosa.
A proportion of patients with anorexia nervosa suffer episodes of bulimia followed by self-induced vomiting. The 'efficiency' of this process in reducing calorie absorption presumably depends on the duration of the lag period and the rate of gastric emptying, on the interval between ingestion of the food and self-induced vomiting and on the degree to which the stomach can be emptied of food. Slow gastric emptying might, therefore, contribute to the caloric deficit suffered by bulimic anorexic patients, promote further weight loss, and lead to the particularly resistant form of illness seen in this group of patients. One of our subjects (patient 1 in Table 3 ) regularly ate a green apple skin as the first item of her bulimic episode, and was reassured when she saw it return after prolonged vomiting. We have not, however, found evidence of accelerated gastric emptying which might contribute to the pathogenesis of the hyperphagia of bulimia nervosa. A common symptom of patients with anorexia nervosa is slowness of eating and this was observed during the present study. Whether it is related to fear of weight gain, obsessional symptoms, starvation or oesophageal dysfunction' is uncertain, but it did not improve significantly with inpatient treatment, and, surprisingly, it was no less marked among bulimic anorexic patients, when compared with non-bulimic patients.
A rare, but serious, complication of anorexia nervosa, and of malnutrition generally, is acute gastric dilatation.2 122 The aetiology of this condition, which has also been described in a patient with bulimia nervosa,23 is obscure, but it occurs in severely malnourished patients soon after the beginning of inpatient treatment perhaps as a result of rapid refeeding in the presence of delayed gastric emptying. We found that delayed emptying was not observed after a mean of two weeks of inpatient refeeding. While the precise time course of the recovery of delayed gastric emptying during refeeding remains to be determined, acute gastric dilatation seems unlikely to occur as a result of refeeding after two weeks of nutritional treatment. 
